Side-to-side differences of estimated cerebral blood flow and oxygen consumption are found in most of 38 bilateral studies with the method of Kety and Schmidt using Kr 86 as inert gas instead of nitrous oxide. The results indicate that bilateral values reflect the blood flow and oxygen consumption of the whole brain much more reliably than unilateral values. Accurate, bilateral determinations may prove of value, especially for the individual evaluation of the results obtained in a given subject.
T HE perfusion and oxygen uptake of the human brain in health and disease has been investigated intensively since Kety and Schmidt 1 first described the nitrous oxide method in 1945. Because of the comparatively large scatter of the individual results, the conclusions drawn from studies using this method have all been based on statistical evaluations of groups. However, by making two modifications of Kety and Schmidt's method, the accuracy of the individual observations increases enough to allow individual evaluation of the results. The two modifications in question are:
1. Krypton 86 (Kr 85 ), a radioactive inert gas, is employed instead of nitrous oxide. This previously described modification 2 consists essentially in using a specific, accurate and rapid inert gas analysis on many samples.* 2. Bilateral sampling of internal jugular blood. Kety and Schmidt 3 pointed out that unilateral jugular blood was representative of From the University Clinic of Neuromedicinc, Rigshospitalet, Copenhagen.
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Received for publication October 29, 1956. * Lassen and Munck 2 calculated the tissue dose proper per examination (bone marrow and gonads) to 8.10"" 4 rep, a dose corresponding to the inevitable background radiation in approximately 10 hours. The surface layer of the tracheal mucosa receives the highest dose of radiation, about 3.10~2 rep. On the basis of these data it was concluded, that the Kr 85 method does not expose the subject examined to hazardous radiation doses. Owing to the exclusive emission of weak/5-radiation of Kr and to the carrier capacity of air, the exposure of the examiners is quite negligible. both jugulars when the nitrous oxide method was employed. Even though there was a difference between right and left internal jugular blood in some cases 4 it was without importance relative to the experimental error. The Kr 86 modification makes it possible to take advantage of bilateral determinations.
METHOD
Thirty-eight measurements were made on 31 unanesthetized subjects. Nine were normal, 10 suffered from organic dementia, 10 from a variety of diseases, some of which involved the central nervous system, and 2 from cerebral artcriovenous anomalies. Indwelling needles were placed in the superior bulbs of the two internal jugular veins and in one femoral artery. Eight samples were taken from each vessel within a period of 14 min., during which the subject inhaled atmospheric air containing tracer amounts of Kr
85
. The 24 samples were analyzed for radioactivity, with duplicate analyses of the two last samples from each vessel. Simultaneous venous samples were analyzed in immediate succession in order to avoid errors from possible drifting of the counting device. Details of the analytical procedure and methods of calculation have been published previously.
The unilateral cerebral blood flow (CBF) in ml./lOO Gm./min. was calculated separately for the right and left internal jugular vein. The bilateral CBF was calculated from the mean jugular values, both jugulars being assumed to drain equal volumes of blood. The blood oxygen in volumes per cent was measured volumetrically 5 or photometrically 6 on duplicate samples taken from the third to fourth minute of inhalation. The bilateral arteriovenous oxygen difference [(. A-F) Substituting a sum of trapezoids for the area (/)), the coefficients of variation {CV) of D and N were calculated from a typical graph for CBF = 40 ml./lOO Gm./min. assuming 7000 emissions to be recorded per analysis of the most concentrated samples. As these coefficients of variation were quite s*mall: The error involved in determining the area between the arterial and venous saturation curves is the dominant one, and is nearly independent of the size of the area (i.e., of CBF); consequently:
(\/A'-SD D = 10~3 was found by inserting; equation (3)). 
Error of the Unilateral (A-V)Oz. 12 duplicate determinations of the (A-V)Oi
For normal CMRO? the experimental error was calculated to be 0.17 cc/100 Gm./min. by inserting the mean bilateral values for the normal group (table 1) into equations (4) to (7) . P In order to evaluate the side-to-side difference (R-L) of the individual patient in the present study, the SD of the mean unilateral values of all subjects not presenting evidence of intracranial shunting were calculated. Limits of significance were calculated (equation (9) Bilateral CBF and (A-V) O2. Expressing the differences between unilateral and bilateral CBF in per cent of the bilateral values it was found that the SD of this difference was only 9, 10, and 11 per cent in groups I, II, and III respectively. Similarly, the unilateral {A-V)0i deviated only 5, 9, and 10 per cent from the mean value. The bilateral CBF and {A-V)0i varied considerably from day to day in the same individual (table 1, group V), the variation being of the same magnitude as the difference between unilateral and bilateral values mentioned above. With regard to CBF and (A-V)02, bilateral determinations thus seem to offer no advantage compared to unilateral.
Bilateral CMROi. Of the functions measured, only the bilateral CMRO2 was mainly constant from day to day (table 1, group V). The SD of the normal bilateral CMROi (group I, table 1) was 0.17 cc/100 Gm./min., or 5 per cent of the average normal CMRO i . This SD equals the experimental error, i.e., the normal bilateral CMROi was constant within the error of the method. The SD of the unilateral CMROi of the same group was 0.43 cc/100 Gm./min., or 13 per cent of the average normal CMROi, a SD exceeding the experimental error (p < 0.01). The SD of the normal CMRO2 was reduced by 61 per cent in bilateral studies. This almost threefold reduction in the scatter of the normal CMROi was mainly due to the elimination of side-to-side variations, as the increased number of analyses involved in bilateral studies per se could only be expected to give a 13 per cent reduction of the SD in question (equation (7)).
That bilateral studies increase the accuracy of CMROi is to some extent borne out by the results obtained on patients with organic dementia: subnormal bilateral CMROi was found for all 10 patients, whereas the unilateral CMROi of demented and normal subjects showed some overlapping.
Various psychological tests were applied to all patients with organic dementia and to 6 of the normal subjects. These studies will be published separately 7 but it may be mentioned that those of the patients with slight dementia had bilateral CMROi of 3.0 to 2.5 cc/100 Gm./ min. whereas those with more pronounced dementia had bilateral CMROi below 2.5 cc./ 100 Gm./min. Unilateral CMROi failed to show such a close relation to mental function in the individual patient.
DISCUSSION
That side-to-side differences in jugular blood might occur in patients with intracranial arteriovenous anomalies (cases N.J. and E.L., group IV, table 1), would a priori seem quite likely. Such differences have also been reported previously, 9 though not in all cases. 10 The present study also concerns the occurrence of minor side-to-side differences in patients without evidence of intracranial shunts. In a series of 10 cases Kety 4 found that in some of the determinations there was a disparity between the two internal jugular nitrous oxide saturation curves ( fig. 1 )-but not a serious one-and concluded "that one jugular is fairly representative of the mixed venous blood that comes from the head." Taking all the bilateral studies so far reported into consideration 3 ' "- 14 and the present study, this statement has found ample support. However, the present results suggest that the minor side differences may nevertheless be of some importance for the evaluation of the individual CMRO2.
Owing to the narrow range of the normal bilateral CMROi, individual values of 3.0 cc./ 100 Gm./min. or less were subnormal with more than 95 per cent of confidence, and consequently such individual values could be taken as diagnostic of decreased cerebral oxygen uptake, i.e., of cerebral hypofunction. This means that cerebral hypofunction was demonstrated in all the 10 patients with organic dementia.
A subnormal bilateral CMROi is suggestive of decreased oxygen metabolism of the intracranial tissue with the highest oxygen consumption, i.e., of diffuse cortical hypofunction. All the patients with organic dementia suffered from chronic cerebral diseases: In these cases the cortical hypofunction would probably be due to cortical atrophy. The suggestion that subnormal CMRO2 indicates diffuse cortical atrophy in chronic cases was supported by air encephalographic studies, as in each of the 5 cases so examined, diffuse cortical atrophy was found. 7 
SUMMARY
The krypton 85 modification of Kety and Schmidt's inert gas diffusion method for the determination of the cerebral blood flow (CBF) and oxygen consumption (CMR0 2 ) demonstrated minor, but statistically significant, differences between right and left side unilateral values in about two thirds of 38 simultaneous bilateral determinations.
In contrast to unilateral CMRO2, bilateral CMRO2 showed little variation in normal subjects, day-to-day variations were insignificant and patients with organic dementia all had subnormal values. ACKNOWLEDGMENT We are indebted to Prof. Buchthal for suggestions MIKI criticisms in preparation of the manuscript.
SUMMAKIO IN I N T E K L I N G U A
Le methodo de Kety e Schmidt pro determinar le fluxo cerebral de sanguine e le consumption de oxygene per medio del diffusion de gas inerte esseva usate in un modification a krypton 85 . In circa duo tertios de 38 simultanee determinationes bilateral, minor sed statisticamente significative difierentias esseva obtenite inter le valores unilateral al dextera e al sinistra.
In contrasto con le valores unilateral del consumption de oxygeno, le valores bilateral manifestava pauc variation in subjectos normal. Le variationes ab un die al altere esseva insignificative. E patientes con dementia organic habeva omnes valores subnormal.
